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NATIONAL ‘ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL MEMORANDUM NO. 432.
—,

SLOTTED-WING AIRPLANES .*

By E. Evcrling.

Air traffic is swift traffic. An airplane must centinuously

perform gainless work just to keep itself in the air. Hence, it

has a greater, more ~favorable L/D ratio than an airship,

water craft or land vehicle of a-nykind, whose weight is supported

without the expenditure of its own energy, because the airplane

must overcome a greater head resistance in proportion to its own

weight. This entails greater operation costs and higher transpor-

tation charges, which must be offset by the advantage of the great-

est saving of time.

Air traffic is swift traffic for still another reason. While

in all other kinds of traffic the driving energy increases with

the third power of the ~esistance (except t“hatw“neel resistance

increases more slowly), the requisite flight energy increases,

within certain limits, only in direct proportion to the flight

speed. Since the fuel consumption is proportional to the flight

time and the engine power, it is, within the same limits, inde

pendent of the speed, in contrast with all other vehicles of traf-

%> fit. Therefore, if its speed could be increased at will, the
,..

airplaile would excel, evefiin economy, all its water or earth-

bound competitors.

n’
*l!Spaltfl&gel-Flurzeu e 1!from llZeitschriftdes Vereiiles dcutscher
Ingenieure, “ May Y, 1 2 s PPo 645-647.

~1‘1
II6



I

N.A. C.A. Technical Memorandum No. 432 ...

Thirdly, air traffic must be swift traffic,

greater its speed, the.more .ipdep:ndent it is of

of the atmospheric ocean and the more closely it

a precise schedule~

., 2

becatise.,the

the cuyrents

can conform to

There are various obstacles, however, to increasing the

speed. In the first place, an tii2plane requires more powerful,

and consequen.tl.y,heavier engines, whose additional weight must

be at t’hee.wpense of the pay load or ttiefuel SUPPIY, thereby

reducing the flight distance. Above ally however, the greater

speed of “theairplane (wb.oseutilization is still further pro-

moted by the choice of the direct air line without reference to

the nature of the ground and the distribution of land and water)

only effects “an actual saving in the travel time when the air-

ports are not located too far from the traffic centers, i.es

when it does~-ot ‘taketoo long to Set to them. In the vicinity

of large cities, however, the ground is so valuable, that only

small spaces are available for aviation fields. Hence, commer-

cial airplanes should have a low landing speed,.so as to be able

to land or take off with only a short run. The same requirement

holds for intermediate or emergency landings, so that the appar-

ently ,paradoxical saying that “flying is landing” ,still holds

true.

The denand for a lower

ble wi$h the natural demand

landing speed is, however, incompati-

for a higher flight speed. If the

power and, consequently, the weight of the engine are not to be” .
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excessively increased, great speed must be obtained through a

low-wing loading which, in its turn, sets a lower limit to the

landing speed; While flight is ordinarily at lift coefficients

Of less than 0.5, ordinary wing sections give no maximum lift

greater than 1.8 aridwell–streamlined shhpes give still less.

~~ence, the so necessary speed range is narrowly limited. Increas-

ing the (angleof attack avails nothirlg‘here. Under ordinary

flight conditions, the lift coefficient increases first “inpro-

portion to the angle of attack of the air current, and then in a

smaller ratio until its maximum value is reached at about 15°.

If the an~le of attack is further increased, the flow becomes

detached, the lift decreases and the airplane falls. The de-

tachment or separation is due to the fact that the air in the

boldnd.arylayer is retarded and loses its

hind the thickest part of the wing where

again converted irltoprescurc, it can no

ternal counterpressure.

m0meiltUm3 so that, be-

the velocity must be

longer overcome the ex-

Hence, there are two ways for increasing the speed range,

so -importantfrom the commercial viewpoint.

make the real flight at a high altitude, as

take-off and 1~.ndingaltitude, and hence in

where the speed is greater for a given wing

The first is to

compared with the

rarer atmosphere

loading and where a

more economical angle of attack can be maintained. This way is

not feasible$ however, till high-altitude engines have been fur-

ther developed. Near the ground the flight speed, with retention

!-—-,,, . , . ,,, ,., . . ....... .- ,_-...-
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of the Sarile landing ability, can b e increased only by reducing

the wiitgloat!in,gand simultaneously diziinishing the maximum 1ift

coefficient. This C:J1be t.oileby preventing the separation of

the flow on increasing the angle of attack. For this purpose,

energy Ii!ustbe communicated. to the boundary layer.

In order to accelerate the boundary layer, a layer of air

might be blown out through a slot in the suctioil(upper) side of

the hiilg. This would, however, require a pump, which would gen-

erally be operated by the engine, so that it would not be availa–

ble at the very time when it would b e most needed, namely in the

event of a foreed landing with the engiilestopped. Or, one

might use a differer.t wing sectio-nor ‘profile during swift

flight, than when taking off or landing, i.e., employ a wing

with a variable camber.*

A third way consists in transmitting energy to the boundary

layer on the suction side of the winti,

separate is t-negreatest, from a point

er and t’neflow e-nergyin the retarded

where the tendeilcy to

where the velocity is small-

boundary layer is manifest-

ed in the fo~il of pressure. This is the case in the immediate

vici-nity of the critical po,int on the pressure side of the wing.

It is on]-ynecessary to provide channels through the wing a,ndto

see that the flow resistance iq them is not too great. Air will

then pass fronl”””the“~ressure side to”the suction side of the wing,

thereby converting its e-nergyint,ovelocity and communicating the
*H. Herrmann,

—-
‘tZeitschrift fur Flugtechni,k”und U,otorluftschif--

fahrt,lfMay 31, 1921, p.147.
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latter to the boundary layer, so tat it

later, at a greater angle Of attack, and

will

thus

LJ

not separate till

ena”~1e the augmenta-

t ion of the angle.df attack with & corresponding iilcr~se in the

max imim i if-t ● * Illpractice, these channels.filusttake the form of

s~dts J o~iingto t-halate~~~ cxtension of the state of flow.

Thb correctn~ss of this assfiptidn is demonstrated by Figs.

1-3; in which the coefficient are.100 times the usual Values for

the wing loading aivid~,dby the dynamic pressure: For the slot-
1

t ed.wing, in comparison with the C%tti.ngenprofile 422, the maxi-

rnuii:llift Tose from 1+35 at an angle of attack of 14.5° to 2.18 at

260~o, b cca.usc three slots transmitted flow momer.tum from the

pressure side to ~he boiindazy layer on the suction side.** Simul-

taneou sly t~.bdrag incrcascd from 0.19 to 0.41, whic~.is more

than dou’~lcfor thtiviing itself or about onc-tialffor the whole

airplar.c. !l’hisis c:-.tirclycoycprehensible, for the transfer of

energy to the boundary layer ::ustb e i:ladeat the expense of the

flow energy. Tl;isdra.~ is not so very karuful, however, because

in the flattening out before landing, a greater drag is just as

iuportant for tb.edic-.inutio~.of tTlelanding place as the shorter.-

ing of the actual landing run. Since, however, the minimum drag

simultaneously increa~es from 0.02 -toO.045, which is considera-

*A. Eletz, “Die Wirkur:gsweise von Unterteilten Fl~gelprof ilenI1
from 11Be~ichte und .4bhandiungen der Wiss enschaftlichen Gesell-
schaft fur Luftfahrt, 11Jan-., 1922, p. 23. (For translation, see
~~.A.C.A. Technical l~oteNo. 100.)
**T(ieselSberger 11iJntersuchungen L-oer Tia@l&gel m-itur-terteiltem
PTofil, ‘1+rac~,..!’$r~e%~~isseder Aerodyn.~isck.en Versuchsanstalt zu
Gottingen~fl Repor~ 11, 1923, pp. 5.5-64. (~or translation, s’ee”
McCook Field Msmo Report iio.124.)
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ble, even with the inclusion of the structural drag, the use

the slotted wing is of advantage only when it is possible to

of

re-

store” the usual shape of the wing section (Fig. 2) in ordinary

flight. This is very difficult to do in flight with a triple

s.l.otted wing section u-riderthe great sti”essestO

is subjected by the bending moments.

Laclmann* , the inventor of the slotted wing

indicated

w~~ichj in

crease i-n

a way for the technical application of

which the wing

has, however,

this principle

its most recent form, not only diminishes the drag in-

ordinary f1ight, but also improves other disadvantages

of the la,r~e

the fuselage

pressure and

angle of attack, Il&iTlf21yexce:.sive inclination of

and excessive rearward shifting of the center of

the attendant disturbance of the flight stability.

To

of

of

the leading edge of the main wing, which ‘MS about the shape

an ordinary wing section, there is fitted an auxiliary wing

sheet alur,inureir.such manner that it ordinarily forms an

extension of the leading edge, but can be raised

as to increase the lift, as shown in Figs. 4-6.

3d in Fig. 5, indicates the closure of the upper

in landing, so

The position

end of the

slot, whereby nothing is gained, however. Fig. 6 shows that the

moment about the lea,di-ngedge, which is dependent on the lift,

is kept small by push~ng the auxiliary wing forward, thus a“koid-.> .,

ing the rearward shifting of”the center of pressure (intersec-

*tlNeuere Versuchserg~bnisse mit S~altflugeln, lf‘!Zeitschrift ffir
i?lugtechnik und Mot~rluftschiff ahrt,l!”May 26, 1924, pp.
(For translation, see N.A.COAO Technical Mmorandum No.

109-116.
282.)
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tion point of the wing chord and the resultant of the air forces)

due to the great increase in the angle of attack, and imProving

the equalization of the moments and the static longitudinal sta-

bility in landing, an advantage. which does not even need to be

procured at the expense of a complicated device for opening the

front slot* Since the pushing forward of the auxiliary wing

also increases the wing area, it.means a slight further diminu-,

tion of the landing speed.

Since an angle of attack of 26°, for obtaining a lift coef-

ficient of 1.95 (Fig. 4) means an excessive inclination of the

fuselage in flying horizontally, and consequent undesired land-

ing on the tail, such a slotted winflmust either be made adjust-

able as a whole (which principle has hitherto been successfully

applied only to gliders), or be reduced to a simple form of ad-

justable profile. Lachmann attaches to the trailing edge of the

wing throughout its whole span, i-naddition to the customary

ailerons, flaps which in landing can be pulled downward to in-

crease the anqle of attack of the wing itself and also the wing

camber, thereby further increasing both the lift and the stabili-

ty. Between the maip wing and the flap.there is also a slot

which supplement the action of the auxiliary wing.

In recent years these principles have been applied to a num-

ber of German airplane~ and to a few airplanes of other national-.-, ,, %-

ities. “Fig. 7 shows the Junkers lomwing monoplane, construction

type T.29, which has a flap on the trailing edge with a strong

I~.
II
i,,b\,
h .—.-,, —,,,.. , ,.,..-,- -- ---—. -..,.., . . ,..-—. . .—.
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slot effect,

fahrt, 1’Vol.

with the slot open in the landing position (J’Luft-

29, 1925, p. 270). Heinkel has also utilized the

slot effect on the trailing edge in two constmction tjpes.

The auxiliary wing on the leading edge and the flap on the

trailing edge are joined”,thus forming a sort of three-pa”rtwing

section, in an experimental airplane of Udet (llIllustrierte

Flugwoche,l! Vol. 7, (1925), p. 477), in wilicha rotary rod, run-

ning throughout the length of the wing and operated by the pilot,

pushes the auxiliary wing forward and simultaneously depresses

the rear flap. The Albatros newspaper and commercial biplane

(Fig. 8), which has this device on both wings, works the same

way. *

Handley Page, the English airplane builder who, independent-

ly of Lachmann, developed the same principle scxnewhatlater and

~Vho is col~aborat ing with the German inventor, has recently

adopt ed a very siuilar device in his three-engine 11Hamlettthigh-

wing moi~oplane (Figs. 9-12) (“The Aeroplane, 11Vol. 31, 1926,

P“ 504)● A rotary tube pushes forward the supports which are

j ointed to levers (Fig. 11) and simultaneously pulls down the

rear flap by means”’of connecting rods (Fig. 9) , which are joint-

ed to slotted double ~ell-crank levers by smaller levers (Fig. 10).

So siqple as t’hesedevices are, they still entail an i-

crease in weight and a cmnplexity in the wing structure whichj

*La chrnann,1’Zeitschrif “t.f~r Flu technik und Mo”tofluftschiffahrt,11
VO1. 15 (1926), p. 19S; fand 1’11ustrierte Flugwoche, 11Vol. 8,
~1926) ,“p. 172.

... ..... . ,.,....... .,--- .
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at the

lift.

present

Even if

tliile,are not, s-~fficieiltlyoffset by the @in in

tilelift coefficient ‘oe raised frofil1.4 to 2.2,

the land,ing speed is thereby reduced only in the inverse ratio

of the square roots, or about 20$. When it is considered that

the mo~dentur:,which has to b e destroyed during the taxying, de-

creases ii~the ratio of the lift coefficieiatsthemselves, or

about 36~, the ~gai-iis not very great. It cannot, however, be

demanded of a tethnical iimovatiofl,which opens hitherto impas-

sable ways, that it lead immediately to the desired goal.

.4very advailtageous appl ication of the slottcd-wing print i-

ple, likewise rightly recogniz ed by Lachmann* is afforded in the

field of S:eering. If the ailerons are provided with slots,

which open when the ailerons are depressed, but close when they

are raised, the flovJwill closely coitio~ to the arched

(Fig. 13), but will separate, on the contrary, from the

profile (Fig. 14), thus producing a greater lift in the

wing

broken

former

case ailda sualler lift in the latter case than with the ordi-

nary arrangm ent. The” result is that the,ailerons, even at

large ai@es of attack at which the speed is low and there is

danger of going into a spin, not only retain their efficacy but

tailalso prevent autorotation**b~’ the clifference in the lift

at the win~ A .bl~s.
*La chmann, 11Stall-proof Airplanes, “ “Beri.chtc und Abkndlungen

.- der Wissei~schaftlichen Gesellschaft ffirLuftf~hrt, 11WY, 1926,
PP* 8=90 (N..4.CmA* Tethnical 11Orfl.oraildumNo. 393).
**A-tlarge angles of attack, the air forces are so distributed
that :Mny airplanes tend to rotate around their longitudinal
axis (autorotation). The axis of rotation tends to shift to the
airplane axis (n.aximuminertia moment) , thereby rnaintainiilga
great er angle of attack, accompanied by diminished maneuverab il–
ity and a condition of spin.
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Although the slotted wing offers advantages for the steer-

in& and for Iesscniilgthe landing speed, it c~~~ot yet be said

to afford a solution for the gzoblem of the small landing field.

E~ei~ should the ~:axi;:lmfilift of 1.4 b e increased not only by the

si~all fracticm thus far attained, but eve-na hundredfold, the

landing speed of a moderately swift airplane would there’oyonly

be reti.ucedfrom 100 ~aifl(62 nilcs) per hour to 10 km (6-2 miles)

p cr hour, hence still so s~wift that jumping off would be danger-

OUS* This TJ:ouldpot ~na-O1~on~ to land sc.felyon a house roof,

cntircly aside fro.:1~~~iilddisturbances. Here we must have ground

r.rrangcmcnts, ?.soccasionally reconmendcd but not yet obtained

in practice.1 fori2.. Illtti.is,corilection,a l.-~idcar.dpromising

field of activity lies open to the imagination of the engineer.

T ranslat ioi~‘Gy D:.~ightMb Miner,
National Advisory Ccrmittce
for AerOilaXtics.
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Figs.13,14 Increasing the effect of an aileron by an
auxiliary wing with intervening slot.
Contrast between lowered and raised aileron.


